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(57) Abstract 

The present invention is directed to controlling an ink jet printing device during an interleaved, or overlap, mode of (^>eration. A 
printing device (2) conliguied to scaii back and forth across a printing medium (4) Includes a plurality of Ink jet print heads (6, 8, 10, 12, 
14, 16, 18, 20, 22, 24, 26, 28). Ink jet nozzles of the print heads which would nonnaUy be inoperative during a given scan of the printing 
device are selectively activated by a print device controller (82) to compensate for nozzles determined to be inoperative. 
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PRINTOIG SYSTEM AND INK JET NOZZLE GONTOOL METHOD AND APPARATUS HAVING CX>MPENSATION 
FOR KIAUFUNGTIQ^ 

BACKGROtJNB OF THE im^lWrON^ 
Meld of the invention 

The present ihvehtibn relates generally to control of a priniing device, and 
5 more particularly , to the control of such a device during printing in an interleaved 
; mode. , :;;;::-:>::'7..::-::.'::: 

State of the 

Printing deviceS j such as ink jet printing devices These 
types of printers axe available iroin, for exaiiq>le, He\v;lett F^kaird and ENGAD, As 

10 those skilled in the art will appreciate, ink jet printers often include at least one non- 
interleaved, or nonK>verlap mode of operation wherein no overlap of the print device 
over earlier printed bands occurs. Fuittier, these devices kiclude at least one 
interleaved, or overlap, mode of operation. To better assist in an understanding of 
the present invention, a brief review of an overlap mode of operation will be 

15 provided. 

A typical Inkjet printing device includes plural print heads, each of which 
includes a plurality of ink jeit nozzles. The plural iidc jet npz^^ associated with a 
given color of printing ink can be displaced from one another in a vertical direction; 
In a non-overlap mode of operation, all of the ink jet nozzles are operated to print a 
20 continuous band as the print head is moved across a printable medium. Each pass of 
the print head across the printable medium (e.g., sheet of paper) constitutes a printed 
band. In the non-overlap mode, the print head is repeatedly scanned back and forth 
across the sheet without overlapping a previously printed band. 
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In contrast, in an overlap mode, the print head is controlled such that a given 
percentage of the print head, and thus the ink jet nozzles, overlap a previously 
printed band on the sheet (e.g. , 25% or 50% of the nozzles in the print head overlap 
a previously printed band). As such, each area of the sheet is printed using multiple 
5 scans with different portions of the print head or heads. Such a technique is 
considered to improve the consistency of a printed irnage. 

One drawback associated with conventional ink printing devices^ 

regardless of whether they operate m an overlap mode or in a non-overlap mode, is 

.. ..... ■. 

that when one or more ink jet nozzles malfunctions, vmdesired inconsistencies can 

10 result in a printed image. This can be disastrous to a production run. It would 

therefore be desirable to provide some method and device which can account for the 

occurrence of nialfimctioning ink jet nozzles witfaotit requiring discontinuation of the 

printing operation. 

SUMMARY OF THE JNyENTIQN 

15 Exemplary embodiments of the present invention are directed to a method and 

apparatus for controlling an Inkjet printing device during an interleaved, or overlaps 
mode of operation to conq>ensate for malfiinctioning ink jet nozzles. According to 
exemplary embodiments, when one or more Inkjet nozzles is detected to be 
malfunctioning, ink jet nozzles which would riot normally be used during a given 

20 scan of the print head are selectively activated to compensate for malfunctioning 
nozzles. 

Generally speaking, exemplary embodiments relate to a method and apparatus 
for controlling ink jet nozzles of a printing device, by identifying Inkjet nozzles in 
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the printing device which have malfunctioned; and by controlling the output of 
remaining ink jet nozzles in l^e printing device to compensate for said malfunctioning 
ink jet nozdes . 

BR I E F PES CRIFTIQW QF^T^ DR^YyiN<gS 
5 Other objects and advantages of the present invention wiU become apparent 

from the following detailed description of preferred embodiments when read in 
conjunction with the accompanying drawings, wherein like elements are designated 

by like reference numerals, and wherein: 

■■■ - ■ y ' ... ....... - ■ • ^ • 

Figures lA^lB show a print device and control system flierefor, aLs well ^s a 
10 test image produced to detect malfunctioning nozzles 

Figures 2A-2G illustrate an overlap mode ill aiecordanee with an exemplary 
embodiment of the present invention; 

Figure 3 illustrates a 25 % overlap mode of operation in accordance with an 
exeniplsu^y embodimei^^ 
15 Figures 4A-4G illusteate scan masks for use in ink jet nozzle control 

according to an exemplary embodiment of the present invention; and 

Figures 5 A-5C illustrate look-up tables for implementing compensation of 
scan masks in accordance with exemplary embodiments of the present invention. 
nTCTATT.ED DESCRIPTION O F TTHK PREFRRRIED EMBODIMENT 
20 Figure 1 A illustrates a print head and print head control system which can be 

used in accordance with exemplary embodiments of the present invention. In the 
exemplary Figure 1 A illustration, a print device having at least one print head is 
positioned over a sheet 4 of printable material (e.g., paper). Components used to 
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mount the print device dp not constitute part of the present invention and are 
therefore not illustrated in Figure lA for purposes of simplifying the drawing. 

The print device 2 of Figure 1 A is shown to include plural print heads. While 
any number of print heads can be included on the print device 2, for purposes of 
5 simplifying the following discussion, 12 print heads labelled 6-28 are illustrated. In 
an exemplary embodiment, the three print heads6, 8 and lO are associated with a 
first color (e.g., black). The second row of three print heads 12, 14 and 16 are 
associated with a second color (e.g., yellow), A third rp pruit heads 18, 2^^^^ 
22 are associated with a third color (e.g. , cyan). A fourth row of print heads 24, 26 
10 and 28 are associated with a fourth colpr (e.g., magenta). Although three print heads 
are shown with respect to each color, those skilled in the art will appreciate that any 
number of such print heads can be associated with eadi color. Further, those sldlled 
in the art will appreciate that any number of rows of prip^ be used to 

accommodate any number of different colors (e.g., six color printing can be 
15 implemented by adding additional rows of print heads). 

The print device 2 is configured to scan back and forth horizontally across a 
printable medium, such as the sheet 4, and can be configured to print in both 
directions. To better understand the following discussion, an exemplary operation of 
the print heads will be provided. 
20 Each of the print heads 6-28 includes a number of ink jet nozzles. For 

example, eadi of the print heads can be configured to include 128 such nozzles 
arranged along the length of the print head. When viewing the print heads associated 
with a given color (e.g., the print heads 6, 8 and 10 associated with the color black) 
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in a vertical direction of Figure 1 A, the print heads are aligned such that the 
lowermost nozzle of the print head 6 is atx>ve the uppermost nozzle of the print head 
8. Similarly, the lowermost nozzle of the print head 8 is located above the 
uppermost nozzle of the print head 10, Each row of print heads (i.e., the lower rows 
5 associated Mtili the remauung colors, yeilow, cyaii and magenta) are siniilarly 

configured; 

In a nonroverlap mode of opeiatioii, a printed band would be produced on the 
sheet 4 by traversing flie print device 2 across the sheet, with ink jet nozzles being 
selectiviely activated. For example, to produce a solid black band, all 128 ink jet 

10 nozzles in each of the print heads 6, 8 and 10 would be activated. Because the ink jet 
nozzles do not overlap in a vertical direction, a solid band would be produced as the 
print device 2 scans across the sheet, and tiiis band would have a vertical heig 
labeled "x" . Note that tihe height "x" of the band is d^^ the vertical span 
between the location of die upjiermost nozzle of the print head 6 and the lowermost 

15 nozzle of the print head 10. A solid band of the colors yellow, cyan and magenta 
could be produced during the same scan in similar fiEishioh to print four different 
color bands in one scan. 

As those skilled in the art will appreciate, as the print device 2 scans back and 
forth across the paper. The print device 2 can be controlled to print in both 

20 directions. With each scan, the print device 2 moves downward in the vertical 
direction and/or the sheet 4 is moved upward, with the total relative movement 
between the print device and the sheet corresponding to one band. The various ink 
jet nozzles in the print heads 6-28 can be selectively controlled to lay down drops of 
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ink of a given color at precise locations on the sheet, and thereby print a desired 
image of high resolution. The composite of these dots on the page results in the 
production of any desired image on die sheet 4. 

In an exenq)lary embodimem, the print heiads associated with a given color 
5 (e.g. , the print heads 6, 8 and 10 associated with the color black) can be separated 
from one another in the horirontal direction by a predeterauned w 
Figure lA. The separation instance "y" can be provided between e 
heads; in the remaining rows of print heads for the colors yellow, cyan and 

The present invention is not limited to any specific configuratio'n of a print 

10 device. For example, a print device which includes a sitigle vertical cdltnim of ink 
jet nozzles, or which includes a single horizontal row of ink jet nozzles can be used. 
The nozzles can be used for monotone printMg or can be separated into miUliple 
groups wherein each group prints a different color. Alteraately, multiple horizontal 
rows or vertical columns of ink jet nozzles can be used, wherein the nozzles of each 

15 row or associated with a different color ink^ Numerous other variations in the print 
head configuration will, of course, be apparent to those skilled in the art. 

As those skilled in the art will also appreciate, 
do not constitute a part of the present invention, and are readily available from such 
manufacturers as Hewlett Packard. For exanq)le, the nozzles can be piezoelectric 

20 controlled nozzles which can vary in their specifications with respect to their ink 
spray, or "firing", rate. This rate dictates the speed with which the scanning can be 
implemented. That is, the rate with which an ink jet nozzle can create a drop of a 
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given size (or voliune) on a sheet will dictate the speed with which the scan head can 
be moved: across the sheet. 

Having described an exemplary print device, an exemplary method and device 
for controlling ink jet nozzles of such a print device in accordiince with the present 
5 invention will now be provided. According to a first step of an exemplary method of 
the present inyeiuio^^^ 

nozzles which luive malfunctioned. There are numerous ways in which a 

malfunctipmng i^ hi aixordanc^ wit^^ 

niethod/ a user ihterf^ idehtifying aiiy non-working ii^ jet nozzles 

10 during a test run of the jprint device across the sheet 4 in a non-overlap mode (e.g., a 
mode wherein all 128 ink jet nozzles of each print head are sequentially activated at a 
pred^terihihed time). 

Referring to Figure IB, malfunctioning ink jet nozzles can be identified by 
activating a scan of the print device 2 across the sheet 4 to produce a plurality of 

15 print lines (i.e., one print line for each print head). The print lines are produced by 
sequenti^iy activating the nozzles of each print head for a predetermined period of 
time, as represented by time inprements t,, tj, tj and so forth. This process can be 
performed in parallel for each print head. 

Figure IB illustrates the lines produced on sheet 4 by sequential activation of 

20 the ink jet nozzles in each print head during a single scan of the print device 2 across 
sheet 4 from right to left. As shown in Figure IB, the Inkjet nozzles of each offset 
print head in the print device 2 are controlled so that the printing of each of the test 
lines 58-80 begins in vertical alignment with an imaginary, dashed line 30. In the 
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Figure IB example, the sheet 4 is not moved durii^ the printing of the line segments 
in this test phase. Therefore, each individual segment is horizontal, but is stepped 
one pixel down relative to a previously printed, adjacent segment as shown in Figure 
IB. 

5 In an exemplary test phase for identifying malfunctioning ink jet nozzles, note 

that it is the uppermost nozde for each of the print heads 10, 16, 22 and 28 which 
will first print at the imaginary vertical line 30 in Figure IB (i.e., assuming die print 
device 2 is scanning from rigjit to kft). Accordingly, tte uppe in 
each of the print heads 10, 16, 22 and 28 is activated fit>m a^ ti^ 

10 produce a first printed segment for each of the colors: black, yellow, cyan and 
magenta . That is , the uppermost nozzle of the first print head 10 is activated from 
time to until time tj to produce a first printed segment 32 ph the sheet 4 of Figure IB- 
The uppermost nozzle of the print heads 16 , 22 and 28 si^ 
segments 34, 36 and 38 from time 1^ until tinae tj. 

15 Although the first nozzle for each of the print heads 10, 16, 22 and 28 is 

shown to have produced a respective printed segment 32, 34, 36 and 38 in Figure 
IB, those skilled in the art will appreciate that if any one of these nozzles had not 
been operating, a segment would not have been produced in Figure IB. For 
example, if the first nozzle of print head 10 is malfhnctioniiig, the location on printed 

20 sheet 4 where segment 32 was to have been printed would be blank. As will be 
apparent from a later discussion, this will be used to detect when a printed nozzle is 
malfunctioning, since the absence of a printed segment at a particular location on the 
sheet 4 can be correlated to a particular ink jet nozzle in the print device 2. 
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The foregoing operation is repeated for each ink jet nozzle in each of the print 
heads. As the print device 2 continues to scan to the left hand side of Figure IB, the 
next seqiiehtial iiik jet nozzle on each of die print heads 10, 16, 22 and 28 is activated 
from time tl to time t2 . This process is repeated until all ink jet nozzlies of each 

5 printed Ij^ to print a segment at a prede]^ location 

on she0t;;.4/- ; •.- •••••• • 

It will be further apparent to those skilled in the art that as a subsequent print 
head associated with a given color crosses the imaginary vertical line 30, its 
uppermost ink jet nozzle will be activated. In the exeii4>lary illustration of Figure 

10 IB, it is assumed for purposes of this discussion that at time t6, the uppermost ink jet 
nozzle of the print heads 14, 20 and 26 has reached the imaginary vertical line 3f0; 
Accordingly, at tiihe t6, the sixth iiik jet hozzte of the pim^ 16, 22 and 28 

is activated to prodyce a re^)ective segment. Similsurfy, the uppermost Inkjet nos^e 
for each Of the pri^^ 14, 20 and 26 is activated at time ^ to produce printed 

15 segments 48, 50, 52 and 54. As the print device 2 continues to scan from right to 
left across the sheet 4, the nozzles of the various print heads are sequentially 
activated. By the time a given print head reaches another imaginary vertical line 56 
located on the left hand side of Figure IB, all ink jet nozzles of that print head have 
sequentially been activated for a predetermined period of time to produce one of the 

20 horizontal printed lines in Figure IB. 

The exact timing associated with the control of the ink jet nozzles to produce 
the Figure IB segment, will be apparent to those skilled in the art and need not be 
described in detail. This timing will, of course, be a function of the speed with 
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which the print head is scanned across the sheet, and the relative spacing between the 
print heads. It will be further appreciated that where a single print head having a 
single vertical column of nozzles is used for each color ink, the respective nozzles for 
each column (i.e., for each color) will be activated at the same time to produce the 

5 line segments used during the test phase to detect malfunctioning nozzles. As those 
skilled in the art will appreciate, it is only neeessjuy that all nozzles of the print 
device be activated to print at some time so that malfunctioning nozzles can be 
properly identified. 

Because each exempl^ print head of the Figure 1 A embodiment mcludbsi 

10 128 nozzles, each printed stepped Une of Figi^ ljB (e:g., stepped line 58 produced 
by print head 6) includes 128 segments, each segment having been printed by a 
respective one of the ink jet nozzles. The stepped line 60 corresponds to 128 
segments sequentially produced by the 128 inkjet nozzles of the print head 8^ : The 
horizontal line 62 corresponds to 128 segments sequendajly produced by the ink jest 

15 nozzles of the print head 10. 

Similarly, stepped lines 64, 66 and 68 correspond to stepped lines produced 
by the print heads 12, 14 and 16, respectively. Stepped lines 70, 72 and 74 
correspond to stepped lines produced by the print heads 18, 20 and 22, respectively. 
Stepped lines 76, 78 and 80 correspond to stepped lines produced by print heads 24, 

20 26 and 28, respectively. 

As mentioned above, if any nozzle was malfunctioning, a gap will exist in a 
horizontal line associated with a location in the Figure IB test line where that nozzle 
should have been printing. For example, assume that segment "z" of the horizontal 
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line 80 corresponds to a location where the 95th ink jet nozzle of the print head 28 
should have been printing. The absence of ink in this segment can be correlated by a 
user interface 84 (Figiire I A) to the 95th nozzle of the print head 28 to identify the 
malfunctioning nozzle to the user. The uisier interface can be configured to correlate a 
5 missing segment to a paiticuUu: nozzle automatically. Aitemately , the user can be 
prompted to review the printed line segments (e.g., graphically re^^ the test print) 
and then enter identification iitformation (e.g., nozzle number) of any inalfunctioning 

...nozzles. 

Ih accordance with an exemplary embodiment, the signals used ^y a print 

10 device control 82 to activate each nozzle of the printing device 2 in known fashion 
can be directed to the user interface 84. The user interface can receive th&se signals, 
and simulate the hbmontal lines of Figure IB on a computer display 86, wherein 
noz^e numbers are correlated on the display 86 with the line segments. Alternately, 
the user caii input j^^^ msdfahctipning nozzle information. By viewing a graphical 

15 print and/or the display , the user can easily identify missing line segnlent^ The user 
aiid/dr th^ ink jet nozzles which are malfunctioning in 

a refolding (e.^ nozzle infonnation 

(i.e., the identification of the Inkjet nozzles which are malfunctioning) can then be 
stored and processed to control the printing device via print device control 82 in a 

20 manner which compensates for malfunctioning ink jet nozzles. 

Those skilled in the art will s^preciate that other techniques for detecting 
malfunctioning Inkjet nozzles can, of course, be used. For exanq>le, optical 
detection means (e.g., a charge-coupled device (CCD) camera) can be used in 
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conjunction with the print device to optically identify those Inkjet nozzles which are 
not operating properly. In an embodiment where such a camera is included at the 
printer location, the printer will already have information regarding the location of 
bad nozzles (e.g., by indexing a position of the camera to the nozzles being observed) 
5 and therefore doesn't need to send the information to the display identify and record 
malfunctioning nozzle information. 

Once malfunctioning ink jet nozzles have been detected, identified and 
recorded, subsequent steps in accordance with an exemplary embodiment can be 
implemented to control the renuiining, properly functioning ink jet nobles to 

10 compensate for malfunctioning nozzles. Generally speaking, exemplary 

embodiments of the present invention operate the print device in an interleaved, or 
•overlap, mode of operation, wherein less than of the dots in a band are printed 
during each of the priiit head over the band on the sheet 4 . During a suhs^^nt 
scan, different nozzle3 of the print device are scanned oyer the band to print dots 

15 which were not printed during the first scan. In accordance with the present 

invention, nozzles which are properly functioning can be used during the subsequent 
scan to print areas of the band that should have been printed by the maifUnctipning 
nozzles during the earlier scan (or vice versa). 

Before discussing compensation for malfunctioning nozzles, a brief review of 

20 a 50% overlap mode and a 25% overlap mode will be provided. Referring to Figure 
2A, printing in a 50% overlap mode will be discussed. During a first scan, or pass, 
of a printing device over a sheet, special print control is \ised; that is, printing is 
performed to produce an initial band 202 using less than all of the nozzles associated 
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with tiie^^^^ heads i>rGvided for the color ma^^ita. In this initiatl pa^ the Iowct 

6f i^ ptisitiis^ 28 is used to priiit ^ fii^t scan 

of fltfe 

sub^e<iUeiit scans, with tile Uppermost ndzzles filling in uiq)nnted dbtis of the first 
5 sqatu a^ 

device and the sheet is adjusted so that the tipper half of ink jet nozzles are located 
over the band 202 for purposes of implementing a second pass over the band. For 
exantiple, where 384 nozzles are used for each color , the print device and/or tiie sheet 

10 are stepped relative to one aiiio vertidd durectioii by a distat^ 

- the sipajt <^^ Fdrprinti^ 

ixsed to produce only 50% of the dots (e.g., every other dots). 

t^^ 

IS printed portions of the The lower half of the 

384 nozzles supply ink to an unprinted portion of the sheet 4, as represented by band 

pf the 

printing device to produce all d In cdntrast, - 

oiily one half of the pr int«i dots of the same color ink associated with the lower band 
20 204 :in FigT|i^ 

Beforei a third pass of the printing device 2 over the Figure 2B image, the 
print device is again moved vertically downward relative to the sheet by a vertical 
distance which corresponds to the height of the original band 202. Next, as 
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illustrated in Figure 2C, the upper one half of the nozzles in the printing deviee 2 
pass over the previously printed portion of the band 204 to fill in the missing dots of 
the given color ink which were not printed when this band 204 was originally 
created. The lower half of the nozzles in the printing device pass over an unprinted 
5 portion of the sheet to print a first portion of the band 206. Again, only 50% of the 
dots (e.g;, pixels) of a given color ink are printed in band 206 at this time. 

The foregoing process is repeated until the entire sheet has been printedv As 
those skilled in the art will appreciate, this process results in the printing heads 
associated with each color ink scanning each band of the image twice, using a first 

10 set of nozzles of the printing heads associated with a given color to produce a first set 
of dots in each band, and using a second set of Inkjet nozzles of the printing heads 
associated with the same given color to produce a second set of dots in each band 
during a second pass. This process is repeated in each band for each color ink. (For 
example, after a complete band of magenta has been printed^ the band can be 

15 successively scanned and printed with cyan^ yellow and black ink. thus^ for four 
color printing, each band is scanned eight tin^is (i.e., twice for each color). 

In a 50'^^^Q^^^ dot associated with a given location of 

the sheet (e.g., each square inch) is printed during a fi^^ or pass, over the 
sheet. Afterward, the print device or tiies sl^ shifted verticaUy t^^^O^^ 

20 distance associated with the vertical height spanned by the print device, such that 
print device overlaps the previously printed band. During a second pass, the dots 
wluch were not printed m 
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During the final pass over the sheet, special treatment which is similar to the 
special treatment used during the first scan over the sheet is used. That is, in the 
final scan, the entire lower half of all nozzles are deactivated. That is, 50% of the 
dots from only the upper half of all nozzles are printed to fill in the missing dots of 
5 the last printed band. 

Now that the 5056 overlap noode of operation has been provided, a brief 
review of the 25 % overlap mode will be provided. In principle, this mode is similar 
to the 50% mode, except that during each of four scans over a band using the print 
heads associated vnQi a given color of ink, only every fourth dot is prmted. During 
10 each of three subsequent passes over a given band of the sheet, anottier of the four 
dots associated with a given color ink is printed in the band. Thus, four scans of the 
print device 2 are required to print each band of a sheet with a given color of ink. 

To illustrate the 25 % mode, reference is made to Figure 3 wherein four bands 
of a given color (e.g., magenta) are to be printed. During a first scan, the lowermost 
15 one quarter of the ink jet nozzles in the magenta print heads are used to produce a 
band having a height which is one quarter the height of a band which could have bem 
printed if all ink jet nozzles available to print magenta were activated . This is 
represent^ in Figure 3 by the band 302, which represents one quarter of the total 
vertical span of the print heads associated with a given color. During the production 
20 of the band 302> a first of every four dots in the lower one quarter of the priiit device 
is printed to produce the dots marked "x". Subsequently , the printing device and the 
sheet are moved one another by a vertical distance corresponding to one 
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quarter of the verdcal Height spanned by all noizJ^s associated witii pitting prim 
heads of a given color. 

During a second scan, the lower one half of all ink jet noales are used for 
printing. In this lower one half of all ink jet nozzles, the second of every four dots is 
5 printed. As such, a band labelled 304 is produced with every fourth dot of the 
lowermost quarter of nozzles associated with a given color. Another quarter of the 
nozzles overlap the originally printed band 302, The dots printed in this second scan 
are labelled **o". Subsequently, the print device and the sheet are moved relative to 
one another by a vertical distance corresponding to one quarter the vertical height 
10 spanned by all nozzles associated with printing a given color. 

In the third scan, the third of every four dots is printed to produce a resultant 
band 306, Note that during this pass, the original band 302 and the original band 
304 are overlapped. The pixels printed during this band are labelled "A". 
Afterwards, the print device and the sheet are again vertically moved relative to one 
15 another. • 

During a fourth scan, a fourth of every four dots is printed, as represented in 
Figure 3 by "o". Note that in this case, the print device encoi^ 
and that after this scan all dots of a given color (e.g. , magenta) in the first band 302 
have now been printed. In band 304, 3/4th of die dots have been printed. In the 
20 band 306, one half of die dots have been printed. In the lowermost band 310, only 
every fourth dot has been printed. 

As can be seen from the foregoing discussion, four passes are required to 
print each band with a given color of ink. This is repeated in the band for each 
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differehf color ink. The foregoing process is repeated until the entire sheet has been 

printed; • • ■ ■ 

Exemplary embodiments of the invention use an overlap mode of operation, 
such as the 50% overlap mode of the 25% overlap mode described above, to control 
5 properly functioning nozzles such that they con^m^^^ 

In a typical non-overlap mode of operation, the print device can be opers^ed at a 
maximum scanning speed selected on the basis of the maximum firing rate of ttie ink 
jet nozzles. Where each nozzle operates in a mode at its fastest rate, this mode 
cannot be used in accordance v^^ith the present invention. That is, where all nozzles 

10 are already operating at their maximum firing rate, there is no nozzle available to 
compensate for amalfunctioning no^e. 

However, m modes of operation wherein the no2a3e firing speed is not at its 
maximum; conqpiensation for malfunctioning nozzles can be implemented. For 
example, in a 50% overlap mode wherein the scanning speed is the same as that used 

15 for the non-overlap mode, only 50% of the maximum fuing rate is required for each 
ink jet nozzle. Accordingly , nozzles can be activated in tMs mode of operation^ t^^ 
in for malfunctioning nozzles. However, as those skilled in the art will app^^^ 
the scanning speed of the print device is doubled (e.g. , increased from 16; mches per 
second to 32 inches per second)^ then once again^ all nozzles will be required to 

20 operate at their maximum firing rate, and no nozzles will be available to fill in for 
malfunctioning nozzles. As those skilled in the art will appreciate, any Inkjet printer 
having an overlap mode can be used in accordance with exemplary embodiments of 
the present invention, provided the printer is operated in a mode which does not 
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require using fhc entire bandwidth of the print head (e.g., such prmters are available 
from RASTERGRAPHICS, Inc. of San Jose, California, Hewlett Packard of Palo 
Alto, California, or other similar printing devices). 

Thus, exemplary embodiments of the present invention explok unused 
5 bandwidth to compensate for malfunctioning nozzles. In a 50% overlap mode, if one 
or more of the nozzles is fimctioning improperly, the ability to completely print a 
given band is lost. Accordingly, exemplary embodiments of the present invention 
compensate for this by using either an earlier scan or a subsequent scan to produce 
not only the dots for the given scan, but also to print tiiose dots which ^should have 
10 been printed in a different scan over the smnie band, by modifying die control for the 
print head. 

Depending on what nozzle in what head is out^: a nozzle ; m a subsequent or 
previous band can be used. For example, in a 50% overlap mode, if nozzle 50 in 
head 6 (from Figure lA) is malfunctioning, a no2zle 192 nozzle locations away (e g;, 

15 nozzle 242; i.e., nozzle 114 in head 8) can be used to compensate. That is, nozzle 
114 of head 8 is in the lower half of the 384 nozzles, and can compensate nozzle 50 
durmg a subsequent scan. Alternately, if tfie 242 nozzle is malfimctioningv the 
nozzle 50 of an earlier scan over the band can be used to compensate. In siimmary, 
for a 50% printing mode wherein 384 nozzles are used to print a given color ink, the 

20 nozzle number which is 192 nozzle locations from tiie improper fiinctioning nozzle 
can be used to print both the dots which it was intended to print, as well as the dots 
which should have been prmted by the malfim^ diurihg a different scah 

over the band. 
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An exemplary implementation of this compensation feature is achieved by 
creating a look-up table having a number of entries which corresponds to the number 
of nozzles in the print head (or heads) used for each color (e,g, , 384 entries fdt the 
Figure lA print device). In an exemplary embodiment, a look-up table is provided 
5 for each scan over a given band. Thus, for four color printing in a 50% mode, eight 
look-up tables can be provided (two for each color ink). For four color printing in a 
25% mode (where each band is printed using four scans of each color), sixteen Idok-^ 
up tables can be provided (four for each color). 

JEach entry of the look-up table includes a mask to control the printing of dbtsi 

10 dxiring a given scan. In an exemplary embodiment, a hexidecimal notation c$n be 
used for the masks. For example, a mask shown in Figure 4A can be represented in 
the look-np table by the hexidecimal number "55H" (see Figure 5A), where "H*' 
merely denotes that "55** represents the hexidecimal mask of Figure 4A. The total 
number of dots which can be printed in a line across the sheet 4 by an individual 

15 nozzle during a single scan across the sheet corresponds to the total number of etitries 
in the mask or a multiple thereof (e.g. , where the mask is r^eated within each line). 
For a subsequent scan over the same line of the bandi the m^^ be "AAH** as 

shdwn in Figiur^ llius^ line of a ba^ all of the 

'■ masks are represeri^ the same tiite^ 

20 of the band, the mask would be "AA"v or vice versa. Where itic nozzle used to priht 
the dots associated with the mask of Figure 4A is malfunctioning, the mask of Figure 
4A is "ORed" with the mask of Figxire 4B to produce a compensatQry mask "FFH" 
of Figure 4C. The mask of Figure 4C co scan over 
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the line of the band so as to print tiie dots which should have been printed via the 
mask of Figure 4A^ as well as the dots printed via the mask of Figure 4B. 

The look-up table can be stored for each scan, or can be regenerated for each 
band, such that there is no need to provide a different table for each scan. Where 
5 every other mask is the same (as in a 50% overlap mode), tSat look^up^ble can flip 
back and forth between the ma^s for two scans over each hand as ^hown in FigiH;e 
5A, wherein the first column Ulustrates masks for controlli^^ 
associated with a given color during a first scan over a band, and the second column 
illustrates masks for controlling 384 nozzles associated with the same color during a 
10 second scan over the band. Figure 5B illustrates a selection of masks which can be 
used to create a checkerboard pattern of ink jet nozzle control. 

Refenring to Figure 5A, assume that a missing nozzle niunber 50 is detected 
which affects the dots printed during the first scan A over a given band. The 
contents of the scan B over the band are modified to compensate for this. As such; 
15 when the scan B over the band is performed, nozzle number 242 is activated to fill in 
for the missing nozzle (i.e., the nozzle 192 locations from nozzle 50). To achieve 
this, in line number 242 of the scan Ei look-up txfble, an cfntry is created which 
includes the mask of "AA", plus an instniction to activate a nozzle to fill in for the 
malfunctioning nozzle (that is; the scan masks^^^" 4A and 4B - 

20 are "ORed" to produce the Figure 4G mask as an enti^ M^^ 5A "Scan 

B " lookrup tablCi Thus^ the scan B mask has been modified . 

The scan A mask look-up tajble musft also be modified in printing 

during scan B, nozzle 50 was ajgain inactive. Therefore, in the scan A look-up table. 
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the scan A mask at location 242 is also compensated for the fact that nozzle number 
50 was out during flie scan B. To achieve this compensation, the scan A and scan B 
masks are again "ORed" to produce the Figure 4C mask for storage of nozzle 
location 242 of the scan A look-up table. A similar compensation has been illustrated 
5 in the two Figure SB look-up tables used to implement a checkerboard pattern of dot 
printing in a given color. Those skilled in the art will appreciate that look-up tables 
associated with the remaining three colors of ink can be sinularly produced. 

Thus, exemplary embodiments control the ou^ut of ink jet nozzles in a 
printing device to compensate for malfunctioning nozzles by generating a look-up 

10 table of control signals for the nozzles, and by modiiying contents of entries in the 

- look'Up table to account for malfunctioning nozzles. 

Note that in the 50% mode described above, the look-up table is regenerated 
for each scan, and the same entry in both the A scan mask and the B scan mask will 
be modified; However, those skilled in the art will appreeiaite that separate tables for 

15 the scan A and the scan B masks can be generated and stored. During printing, the 
system can then track which scan mask is currently being used, and then activate the 
appropriate look-up table. Note that theoretically, in the 50% mode^ one half of the 
nozzles can bemalfunctiomng, and yet 100% of an image can be printed provided a 
properly functioning nozzle is located 192 nozzle locations away from all 

20 malfimctioning nozzles. 

Having described a 50% mode of operation, a 25% mode of operation will 
now be discussed. A 25% mode tuiis, in an exemplary embodiment, four look-up 
tables for eaich color ink as shown in Figin^ Tims, if a nozzle is malfunctioning, 
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there are three other scan masks that can be modified to fill in for the malfunction^ig 
nozzle. Accordingly, malfunctioning nozzles can be eompeiisa for by usiag a 
nozzle m a previous or a subsequent scan that is M nozzles away from tiie 
malfunctioning nozzle, or by using a nozzle two scans away (e,g,, 192 nozzles) from 
5 the malfunctioning nozzle, or by using a nozzle three scans away (e.g., 288 nozzles) 
from the malfunctioning nozzle. Further, each of the four look-up tables must be 
corrected in a maiuipr similar to that described with respect to compensating for 
malfunctioning nozzles in the 50% mode. 

For example, consider the mask for each nozzle during scan A'ls "0X1 T , the 

10 mask for scan B i$ "0X22", the mask for each nozzle during scan C is "0X44"; and 
the mask for each nozzle durmg scan D is "0X88" as shown in Figure SC. As those 
skilled in the art will appreciate, each of these masks restilts in one of every fourth 
dot being printed during a given scan. However, where a particular Inkjet nozzle is 
malfunaioning, any of the remaining three scans associated with each prmted band 

15 can be used to compensate for the malfunctioning nozzle. As such, two nozzles 
which are offset by 96 nozzles can be malfunctioning, and still achieve complete 
printing;'. 

Having generally described 50% and 25% overlap modes, alternate 
embodiments will now be described m accordance with exemplary embodiments of 
20 the present mvention. One alternate embodiment achieves increased quality by 
staggering nozzles which are activated during successive bands in, for example^ a 
checkerboard pattern as described with respect to Figure 5B. Of course, when a 
malfunctioning nozzle is detected, the generated compensation for the table entries 
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will change aecordihgly (as described previously). Note feat in a 50% mode, the 
same logic fimetion will result in 

regardless of wheflier the checkerboard pattern is implemented or not. 

In contrast, iii a 25% mode, any number of different patterns can be used. To 

5 correct for malfunctioning nozzles in scan B, a revision to the scan A mask is 
required. Similarly, to compensate for malfunctioning nozzles of scan A, 
compensation to the scan B mask is required. In scan C, nozzles which could not be 
printed in scan B can be conq)ensated. Similarly, in scan D, nozzles which could not 
be printed in scan C are con^ensated. This is repeat^ for each of ^ scans during 

10 the printing process. The key is that malfunctioning nozzles in a current scan are 
compensated m a previous or subsequent scan. 

Of course, those skilled in the art will appreciate that in a 25% mode, the 
scan masks need not repeat every fourth scan. For example, they coidd rq)eat every 
eight band or every twelfth band. Those skilled in the art will appreciate that any 

15 desired configuration can be used, it only being necessary that all dots are printed 
despite the existence of malfiinrtioning nozzles. 

Havmg described the use of alternate patterns in the look-up table* yet anoflier 
alternate embodiment of the present invention wilLb^^^ 

mode. The double strike mode is used to print on difricult-to-print surfaces such as 
20 yinyl where mi ink dot does not spread out very well on the printable medium. In a 
double strike mode (2), unlike a single strike mode (1), all dots of a band are printed 
during a first scan. Afterwards, the band is rescanned to create two layers of ink on 
each dot. As such, iifae full bahdwidtii of the print device is required even during a 
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50% mode. However, if a double strike mode is implemented in a 25% printing 
mode, then 100% bandwidth is not required and compensation according to the 
present invention can be iniplemented. A summary of exemplary embodimente 
which can be used to implement compensation (comp) of the piesent invention for 
5 nominal speeds (Ix) and twice nominal speeds (2x) is set forfli in the following table: 



SPEED 


OVERLAP 


STRIKE 


COMP 


COVERAGE 
ONUNES 
WITH MISSING 
NOZZLES 




no 


1 


no 


^ 

0% 


ix 


50% 


1 


yes 


100% 


Ix 


50% 


2 


no 


50% 


Ix 


25% 




y« 


100% 




25% 


2 


yes 


100% 


... 2x 


50% 


1 


no 


50% 


2x 


25% 


1 


yes 


100% 


2x 


25% 


2 


no 


75% 



15 Of course, those skilled in the art will appreciate that embodiments of the 

invention can be varied from the exemplary embodiments described above. For 
example, as mentioned previously, any print head configuration which can be 
operated in an overlap mode of operation can be used. Further, any number of print 
heads and ink colors can be used in accordance with the present invention. In 

20 addition, any type of memory can be used to store the masks used to control the ink 
jet nozzles of the various print heads. For example; a single memory device can be 
used to store the masks for all print heads. Further, rather than storing a separate 
mask for every ink jet nozzle as shown in Figure 5A, a single mask amid be stored 
for each of the scan A and scan B print operations. In addition, any masks which 

25 have been modified can be stored with an identifier that associates the mask with a 
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given nozzle. During a print operation, the device controller can track which nozzle 
should be printing at any given time, and if necessary / for a 

nozzle whose control has been altered to compensate for a malfunctioning nozzle. Of 
course , those skilled in the art will appreciate that jmy of a number of methods for 

S storing scan mask information can be used, and the present information is not timifed 
by the exemplary embodiments of tiie scan mask storage as described above. 

It will be appreciated by those skilled in the ait that the present invention can 
be embodied in other specific forms without departing from the spirit or essential 
characteristics thereof. The presently disclosed embodiments are therefore 

10 considered in all respects to be illustrative and not restricted. The scope of the 
invention is indicated by the appended claims rather than the foregoii^ description 
and all changes that come within the meaning and range and equivalence thereof are 
intended to be embraced therein. 
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WHAT IS CLi^PD IS: 

1. Method for Qontrplii^^^^ 
the stepis of: 

identifyiiig ink jet nozsl^^^^ 

5 ."and:' 

eontroUing the output of remaining Inkjet nozzles in the printing device to 



2. Method according to claim 1, wherein said step of identifying further 

. . inchides..a-:Step:.pf::.' . /■ . 

10 seqiientially activa 

■pifMit-<feyic^^ ■■• . ■" ■■ ' 

activ^Ung fii]^ 

actiyatqig eaph ctf s^^^ ink jet nozzle^^^^^ pi¥s#tfeiiiiLitii^ of time. 

15 4. MettK)d according to cl^ 

-includes a-step-:-Qf: ■ - ■ •• ;•: ■ 

correlating an absrace of a printed se a particular location to a 

particular ink jet nozzle. 

5. Method according to claim 4, wherein said step of identi^ing further 
•■20 ' includes a'-step-of: 



-said ink Jet-no^ a; disixlay 

6. Method according to claim 5 v wherein said step of idenUfylng^^£^ 
ipciud^^ 

25 storing inforihation which iddhtifies ink je^ 

7. Method according to claim 1 , wfeirein said iitg) of 
includes a:Step:of:''-::-: . 

operating said printing device in an interleaved mode of operation; and 
using said remaining Inkjet nozzles m one scan over a printed band to 
30 compensate for portions of said band that should have been printed by said 
malfunctioning Inkjet nozzles during another scan over the band. 
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8. Method according to claim 7, farther including a step of: 
repeatedly scanning a printable medium with said printing device in a first 

direction; and 

shifting a relative location of said printing device and said printable medium 
5 dmring each successive scan in a second direction which is peipendicular to said first 
direc^on, 

9. Method according to claim 7, wherein said operation is a 50% 
interliraved mode of operation. 

10. Metiiod according to claim 7, wherein said op^ation is a 25% 
10 interleaved mode of operation. 

11. Method according to claim 1, further including a step og 

storing information for controUing said remaining ink jet nozzles in a look-up 

table; 

12. Method accordmg to claim 1 1 , farther including a step of: 

15 regenerating information stored in said look-up table for each scan of said 

printing device over a printable medium, 

13. Apparatus for controlling ink jet nozzles of a printing device 
. cop^prisiiig: . ...... . 

a print device <5pnite contrcaijiig aai o nozzles in the 

20 printmg devifee^ 

/and: J:-: ..■ ■ . . . 

a liseif detetnm^ 
tQ:;be^nuil&B^^ 

14. Apfparafas^^ 

25 at least one look-up table for storing a mask used to control said ink jet 

nozzles during a given scan of the print device over a printable medium. 

15. Apparatus according to claim 13, farther including: 

a display operatively connected with said user interface for displaying 
information which identifies said mal&nctioiiihg ink jet nozzles. 
30 16, A prihtiiig system comprising: 
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at least one prmt heM Mv^^^^ pri&ting ink onto a pnhtable 
me^Lum;'. - 

a print device controller for eoritrolUiig an oiitj^^ 
printing device to compensate for ink jet nq^les detet^^ to be msdfu 
5 and 

a user interface for storing information regarding ink jet nozzles detennined 
to be malfiinetioning. 
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